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Abstract
Miscellaneous Electronic Loads (MELs) account for one third of all electricity consumption in U.S. commercial buildings, and are drivers for a significant energy use in India. Many of the MEL-specific plug-load devices are concentrated at workstations in offices. The use of intelligence, and integrated controls and communications at the workstation for an Office Automation Hub -offers the opportunity to improve both energy efficiency and occupant comfort, along with services for Smart Grid operations. Software and hardware solutions are available from a wide array of vendors for the different components, but an integrated system with interoperable communications is yet to be developed and deployed. In this study, we propose system-and component-level specifications for the Office Automation Hub, their functions, and a prioritized list for the design of a proof-of-concept system. Leveraging the strength of both the U.S. and India technology sectors, this specification serves as a guide for researchers and industry in both countries to support the development, testing, and evaluation of a prototype product. Further evaluation of such integrated technologies for performance and cost is necessary to identify the potential to reduce energy consumptions in MELs and to improve occupant comfort.
Background: Defining the Office Automation
A workstation automation hub is the foundation of an integrated occupant-driven environmental comfort and energy management system within an office. Software and hardware solutions are available from a wide array of vendors, and in this study we sought to understand the differences and commonalities among those vendor solutions. In this document, we proposed a set of specifications for a workstation automation hub that enables automated energy-efficient behaviors and enhances occupant comfort. This document describes the draft specifications for discussion with key partners (e.g., Infosys and technology integrators). In addition, it specifies the system's components, the functions of those components, and a prioritized list for a design of a proof-of-concept system.
Office automation is a term in flux. It has previously been used to describe the integration of business processes, with the computer as the epicenter. Its goal is to streamline previously disparate processes, decrease unnecessary devices in the workspace, and increase occupant productivity. Thus, the term "office automation" can be interpreted to mean the addition of a device or the consolidation of several devices for the purpose of enhancing productivity.
With the advent of the Internet of Things (IoT), 1 office automation has begun to take on a new, more specific meaning. The IoT devices enable higher levels of automation and device coordination through the use of sensors (e.g., occupancy, temperature, light), direct user feedback, and device-to-device communication. Office automation has expanded beyond the workspace and into the user's work environment. The benefits of this expansion include increased occupant comfort, more efficient use of energy, and a reduction of the number of direct user inputs necessary to achieve those benefits.
Lawrence Berkeley National Laboratory (LBNL) has developed and led the workstation automation hub activity in close collaboration with U.S. vendors and Infosys, one of India's largest software services companies. Under this collaborative and interactive effort, LBNL identified the different components of the workstation hub, developed technical specifications, and rated each component from 1 to 3, according to its importance to the performance of the workstation hub (with 1 being very important). Infosys and the U.S. companies are using this specification to support the development, testing, and evaluation of a prototype as an iteration of this activity.
U.S. India Partnership: A Collaborative Effort to Create an Integrated Automated Office Solution
This collaborative effort between the United States and India started with the common vision to improve energy efficiency of Miscellaneous Electronic Loads (MELs) and to bring greater information and control to the end user. The collaboration envisions the development of a hardware and software platform and the identification of new opportunities for automation services such as demand response (DR Electricity use attributable to MELs accounts for approximately 30 percent of the total energy used in U.S. buildings ). The automated office solution has the potential to help users reduce energy consumption attributable to MELS significantly, due to the high concentration of plug-load devices in office settings.
In addition to strengthening the U.S.-India partnership in this area, the automated workstation specification development supports research and development for integrated workstation-based automation, including plug-load control capabilities to enable ease of use and energy efficiency of both plug-loads and any associated building system components. This activity evolved from an earlier LBNL activity with Infosys to develop a new generation of smart power outlets and strips with occupancy and light sensors, and embedded sensors that could be integrated into furniture and equipment systems to leverage workstation-and building-level energy information gathering and dissemination (Ghatikar 2013) . New capabilities that we considered include decentralized control, standardized data exchange with other systems, and the ability to automatically identify plugged-in devices that provide appropriate energy-saving controls.
Workstation Automation Hub Specifications
LBNL created the workstation automation hub specification. It focuses on currently available components that can enable energy savings in stand-alone operations, or through coordinated behaviors with other connected devices. The specification also includes a priority order, with components of priority "1" being the most critical to an office automation solution. The prioritization was developed in partnership with Infosys, who will support prototype development in future iterations of this activity. Table 1 , below, describes each component of the proposed workstation automation hub, and indications of each component's priority for inclusion in such a system. Fan to be monitored and controlled 1 Low-power heating system (foot panel or warm chair) This is a higher priority for international markets.
3
Integrated local cooling such as radiant panels in workstation walls
Can be controlled at various levels (e.g., workstation or building zone) 3
Integrated local cooling such as the comfort chair being developed at University of California, Berkeley
Can be controlled at various levels (e.g., workstation or building zone 3 
LBNL Office Automation Survey
To supplement the workstation automation hub specification, LBNL surveyed currently available products aimed at automating office environments. The goal of this survey was to broadly determine the state of office automation technology, assess product compatibility, and better understand how to implement a whole-office solution. The list is intended to be representative rather than exhaustive. The survey and its findings are described below.
The following categories formed the basis for products of interest:
• Lighting (task lighting and general office lighting) • Heating ventilating and air conditioning (HVAC)
• Environmental Sensors (occupancy, light, temperature) • Plug Load Monitoring and Control Table 2 , below, describes the products surveyed. This list represents a small subset of the products available on the market that could be used in an office automation system and is meant primarily to provide an overview of the various offerings available in each of the product categories listed above. HomeBase can control up to 9 strips. HomeBase is accessible through a web application. HomeBase can control up to 9 strips. HomeBase is accessible through a web application. 
Findings
While the categories related to office automation in LBNL's survey were not exhaustive, it did enable several broad conclusions to be drawn about the state of office automation offerings. These findings are listed and described in detail below:
1. A number of companies offer suites of products designed to work together and form a complete solution. Inter-vendor hardware and software compatibility and data interoperability is uncommon. 2. Communication protocols using Wi-Fi or Ethernet IP standards appear to be the most commonly used by companies offering complete hardware and software solutions. The ZigBee-based wireless protocol is also used in some instances, but it seems to be less common. 3. Without separation of hardware functionality and software monitoring/control, it is necessary to source hardware and software from a single company to ensure compatibility.
Suite offerings from vendors: Lack of interoperability and compatibility with vendor offerings
While vendors can offer proprietary solutions on the communication protocol, the standardization of IP and data interoperability is key to enable different vendor components to be compatible and interoperable, to provide an integrated approach to workstation automation. These requirements are also key to enabling integration of workstation sensor and occupancy data with other building components (e.g., common lighting and HVAC systems).
One way to enable interoperability is to support open standards for data communications and allow access to application programming interfaces (APIs) that enable components from different vendors to communicate. Such integration can provide additional energy-efficiency strategies in addition to enabling participation in grid-related programs such as demand response. The benefits of such standardization are well studied in commercial and industrial building systems (Piette et al. 2009; Ghatikar and Bienert 2011) .
A related finding is that vendors in this space typically provide both hardware and software. Using a vendor's hardware also entails using that vendors' proprietary software solution for monitoring and control. The lack of common and standardized data communications for monitoring and control software further highlights the advantages and disadvantages of using a single product suite.
Vendors are typically using common communication protocols
Vendors seem to have coalesced around common wired and wireless communication standards, including Wi-Fi, Ethernet, and to a lesser extent, ZigBee. However, use of a common communications protocol does not guarantee interoperability among products if those products use different data standards for monitoring and control on the firmware or software levels.
Use of a single vendor is the best option today for a complete and compatible solution
The survey results suggest that the best option for an automated office solution that includes both environmental monitoring and control capabilities is to use a single vendor's product suite.
Vendors such as Ubiquiti and Autani offer complete integrated office automation solutions, which include controls, sensors, and software components. There are benefits to using vendors with this approach, the most obvious of which is some level of assurance of compatibility among hardware components, and between hardware and software. The primary disadvantage is the upgrade and expansion limitations introduced by sourcing all components of office automation to a single vendor or their integration with other building components. Especially in the early stages of this class of product offering, standards for communication, monitoring, and control are subject to change.
In the future, a decoupling of hardware and software system components would likely enable increased interoperability among vendor offerings. Separating hardware from software offerings would likely offer benefits to vendors, as it would allow them to focus on their areas of expertise, whether that expertise is in hardware, or software. The use of similar and readily available standardized communication protocols and data standards by the vendors is an encouraging sign that the focus is trending towards increased compatibility and interoperability among products and building components.
Future Work
The specifications developed through this work will (and in fact, have already started to) be used for the design of one or more proof-of-concept systems. Lawrence Berkeley National Laboratory will continue to work with U.S. companies and Infosys to further develop the integrated workstation automation hub concept. Follow-on work will include the design, procurement, and installation of a workstation automation hub within a test-bed setup in the Infosys' campus. This demonstration will be evaluated for energy savings potential and user satisfaction. Lawrence Berkeley National Laboratory will engage with the identified U.S companies to evaluate their technology locally and/or on the Infosys campus to evaluate the technologies' potential for integration into the office automation demonstration.
In conjunction with demonstration of the proof-of-concept prototype, the market potential for office automation systems should be evaluated. Depending on validation of the energy savings potential and non-energy user benefits such as increased comfort and productivity, this type of system could have significant potential for deployments in the U.S. and India.
